This report used Response Surface Methodology (RSM) to analyze the conditions that extracting polysaccharide compound from Radix Bupleuri using ultrasonic wave. For determining the optimal extraction conditions, four independent variables, temperature (℃), ultrasonic intensity (UI, W/cm 2 ), dilution rate (water-material ratio, mL/g) and time (min), were investigated using Box-Behnken design. In the results, the best condition after optimization was dilution rate of 35.0:1, UI of 24.5 W/cm 2 , temperature of 69.5℃ and time of 14.6 min. Extraction efficiency was 7.67% and the purity reached 44.14%. It illustrates that the ultrasound-assisted extraction (UAE) was efficient and suitable for extracting polysaccharide from Radix Bupleuri. This paper also investigated the antioxidant activity of Radix Bupleuri polysaccharide (RBP) on superoxide anion radical, hydroxyl radical, and 2,2-diphenyl-1-picry-hydrazyl (DPPH), in vitro experiment. The result indicated that RBP could remarkably sweep away the hydroxyl radical, and had the capacity for clearing away superoxide radical and DPPH.
The main compositions of Bupleurum root are saikosaponins, phytosterol, adonitol, polysaccharide and a small amount of volatile oil [13] . Because Chinese medicine polysaccharide has special pharmacological effects and it is almost no toxicity, it becomes the research hot spot in recent years.
Polysaccharide, which is the most abundant biopolymer in nature, is widely exists in animals, plants, microorganisms and seaweed. Polysaccharide is made up of monosaccharide, which forms the glycosidic bond after dehydration [14, 15] . Different polysaccharides possess different types of glycosidic bond in different connection position, which can form different conformation and different relative molecular mass [16] , and the polysaccharides have secondary structures under the effect of hydrogen bonding. So the structure of polysaccharides is complex and diverse [17] . The biological activity of polysaccharides is closely related with their different ways of connection between chemical structure of glycosidic bond and the secondary structures, senior structure [18] . It's because of its unique structure that the Radix Bupleuri polysaccharide (RBP) can't be synthesized by the artificial synthesis. Therefore, it is a promising issue that researching a method to extract, separate and purify the RBP.
Response Surface Methodology (RSM) is an efficient statistical approach to simultaneously investigate multiple influenced parameters and their interactions on experiments. And it can fit out a multivariate equation to optimize the parameters after setting up a proper experimental design [19, 20] . A large quantity of previous literatures has explained the methodology is efficient and reasonable [21] [22] [23] . The objectives of this report were to investigate the effect of ultrasound on the extraction efficiency of RBP, and optimize the parameters of extraction conditions using RSM. And then the antioxidant activity of RBP was studied, including the scavenging effect of superoxide anion radical, hydroxyl radical, and 2,2-diphenyl-1-picry-hydrazyl (DPPH).
Fitting the response surface model and ANOVA:
After multiple regression analysis, the quadratic polynomial model was established and the extraction yields were fitted well with the quadratic equation 1. 
In , D 2 had a significant impact on the extraction yield and could predict the response with a high significance, but the other terms were insignificant.
The normal plot of residuals was displayed in Figure 1 , the residual dots fitted normal distribution was the fundamental assumption of linear or non-linear regressions. And the normality assumption was correct if the residual points tended to approach a straight line. In Figure 1 , it was observed that the residuals closed to a straight line, which implied the regression model was adequate. Therefore, the model was adopted for subsequent prediction and optimization. 
Effects of extraction conditions on RBP concentration:
The Figure 2 was the three-dimensional response surface and bidimensional contour plots, which illustrated the effects and interaction of each independent variable on yield. Each graph was described when two variables continuously changed while the other variable was kept in zero levels.
The response of UI with other main factors (temperature, dilution rate, time) was shown in Figure 2a , b and c. It could be found that the yield increased firstly and then decreased along with each variable increased. According to the regression result, the UI was determined as a significant parameter (p=0.0009, Table 1 ). So the investigation of UI was very meaningful for extracting RBP using the ultrasound-assisted extraction (UAE) as an alternative technology to conventional hot-water extraction. Additionally, the UI and temperature interaction are significant (p=0.0008, Table 1 ), which illustrated that the effect of UI and temperature in the extraction process should be attended. Herein, the maximum extraction yield was observed under the UI of 24.5 W/cm 2 .
The extraction time was another influence parameter (p = 0.0144, Table 1 69.5°C as the optimal dilution rate and temperature after analyzing the model of Figure 2 . And the interaction of dilution rate with temperature in the extraction process was significant (p = 0.0136, Table 1 ).
Verification of predictive model:
After the RSM experiment, the optimal extraction conditions on RBP were determined as dilution rate = 35.0:1, UI = 24.5 W/cm 2 , temperature = 69.5°C and time = 14.6 min. And the maximum predicted value of RBP yield was 7.52%.
For validating the predicted value of yield and the facticity of the regression model, three independent repeated experiments were carried out under the aforesaid optimal extraction conditions. Then the mean value of actual extraction yield was 7.67%, which approached to the predicted value. It implied that RSM was appropriate for optimizing the extraction conditions and the regression model was accurate. Additionally, the mean value of the purity reached 44.14%, which presented the advantage of UAE too.
Because of lacking the available data about the UAE of polysaccharide from Radix Bupleuri in previous literature, the result could not compare with other literature in detail. Thus the authors only could compare with the H. Xu's [24] that extracting polysaccharide from different Bupleurum types using hot water extraction. Xu reported that the yield of the polysaccharide D3-S1 from B. smithii was only 0.11‰ which far less than 7.67%. It illustrated that the method of UAE investigated in this paper was effective.
Antioxidant activity of the RBP: Some radicals can lesion the cells and tissues of body because of its Oxidation, which will result in chronic diseases. For example, when the number of superoxide anion radical exceeds a certain amount in human body, they will combine with hydroxyl radical to damage the DNA and disturb the body function. So the exploration of natural products that possesses antioxidant activity is an attractive research for academics specialists. In this paper, the scavenging activity of RBP was investigated.
Radix Bupleuri polysaccharide
Natural Product Communications Vol. 13 (4) Figure 3a revealed the superoxide radical scavenging activity of RBP. It could see that the scavenging effect was positively correlated with the rising concentration, but the growth of RBP scavenging superoxide radical was small. The maximum value of RBP was 33.68% at 800 μg/mL, less than the Vc (80.63%). And the minimum scavenging activity of RBP could reach 8.35% at 25 μg/mL. Therefore, RBP had the capacity for clearing away superoxide radical.
The effect of RBP scavenging hydroxyl radical is shown in Figure  3b . The hydroxyl radical scavenging activity increased with the increasing concentration, and it rose in the range from 10.12% to 61.06%. Although the value of RBP was smaller than the one of Vc, the scavenging effect still was remarkable. The result proved that the RBP had a conspicuous obliterated ability for hydroxyl radical.
As shown in Figure 3c , the DPPH scavenging capacity of RBP was indistinct. 5.34% (at 25 μg/mL) was the minimum value of scavenging effect, but the maximum value was only 19.12%. Although the obliterated effect still rose with the increasing concentration, the rise was slight. The effect only increased from 5.34% to 9.18%, when the concentration of RBP increased from 25 μg/mL to 100 μg/mL. And then it slightly climbed to 19.12%, when the concentration shot up to 800 μg/mL. So the DPPH scavenging capacity of RBP was lower than Vc.
Through the above analysis, the optimal extraction conditions that were determined by RSM were dilution rate of 35.0:1, UI of 24.5 W/cm 2 , temperature of 69.5°C and time of 14.6 min. The RBP extraction yield was 7.67%, which got close to the predicted yield (7.52%), and the purity reached 44.14%. The radicals scavenging assays indicated that RBP had the ability for sweeping away superoxide radical and DPPH, and could remarkably clear away the hydroxyl radical.
Experimental
Material: Radix Bupleuri, bought from traditional Chinese medicine wholesale market of Wanshou road (Xi'an, China, were pulverized into powder and then screened by a 60-mesh sieve. Ethanol (95%, analytical grade) was bought from Tianjin Tianli Chemical Reagent Co., Ltd. The ultrasonic cell crasher (JY92-II) was purchased from Ningbo Scientz Biotechnology Co. Ltd., China. And The UV1901PC spectrophotometer (Shanghai AuCy technology Instrument Co., LTD.) was used to measure the UV-vis absorption spectra.
The procedure of ultrasound-assisted extraction of polysaccharide: The Radix Bupleuri powders were degreased twice by petroleum ether. Then, to remove the monosaccharide, oligosaccharides and some small molecules, the powders were disposed three times using 95% alcohol by the ultrasonic cell crasher. After filtration and desiccation, the pretreated dry powders were obtained.
According to the designated dilution rate (water-material ratio, mL/g), ultrasound extraction time (min), ultrasound intensity (UI, W/cm 2 ) and temperature (°C), the predetermined quantity of pretreated dry powders were weighed and treated by ultrasonic wave. The content of RBP was determined by HPLC, which was equipped with a reflective index detector. The SMT sugar column (5 μm, 4.6×250 mm) was used for the analysis at 60°C and the mobile phase was ultrapure water at a 0.6 mL/min flow rate. The extraction yield was calculated using the following formula:
Where M 1 is the dried RBP mass and M 0 is mass of pretreated Radix Bupleuri powders (g). M 2 and V 2 represent the predetermined RBP mass and solution volume that were applied for HPLC, respectively. A preliminary works were implemented to decide the range of different influence factors. Afterwards the Box-Behnken Design (BBD) including four independent variables was carried out. As shown in Table 2 , these influence factors consisted of UI (A), dilution rate (B), extraction time (C) and temperature (D), which all contain three levels. A group of 29 experiments comprised the whole design matrix according to the BBD (Table 3) , and then the data of these experiments were made regression analysis using the quadratic polynomial model (as shown below) and statistical analysis of variance (ANOVA).
Experimental design
Where Y is the responses and X i , X j are the coded independent variables. θ 0 , θ i , θ ii , θ ij are the regression coefficients.
Antioxidant activity of the polysaccharide: In order to evaluate the antioxidant activity of RBP, a series of radicals scavenging experiments were carried out. And the ascorbic acid (Vc) was used as a positive control. The assay was implemented according to the methods described by Tahmouzi [25] .
